Background -A number of chest radiographic scores have been developed to assess the severity of respiratory disease in cystic fibrosis but critical statistical evaluation has been limited. In particular, the chest radiograph component of the National Institutes of Health (NIH) clinical score has not previously been validated. Three different chest radiograph scores have been compared and the association between them and lung function tests investigated. Methods -The interobserver and intraobserver variation of the Brasfield, NIH chest radiograph, and the Royal Children's Hospital (RCH) chest radiograph score was assessed by three observers -a paediatric radiologist, a junior and a senior respiratory physician -who independently scored, on separate occasions, 62 chest radiographs randomly selected from three age strata of patients ranging from 7 to 18 years. Lung function tests were available for 61 patients obtained within three months of the chest radiograph. Two way analysis of variance was used to estimate components of variation in scores. Results -Results were similar for the Brasfield and NIH scores, both of which demonstrated greater precision than the RCH score, but the estimated repeatability of the Brasfield and NIH scores can be expected to differ by up to 20% of the maximum score. The reliabilities (intraclass correlation) are all reasonably high at 0 74, 0 73, and 0*61 for the Brasfield, NIH, and RCH scores, respectively. The estimated correlation between radiographic scores and lung function tests, adjusted for attenuation caused by measurement error, showed a similar correlation for all three scoring methods ranging from 0 55 to 0*78. Correlations were slightly greater with FEV1% than FVC%. These correlations are substantial but not high, indicating that a large proportion ofthe variability in radiographic scores cannot be explained by lung function measurements. Conclusions -The Brasfield and NIH chest radiograph scores have very similar statistical profiles and can be equally recommended if a chest radiograph score is to be used. The RCH radiographic score appears to be less reliable. The limitations of these scores need to be understood.
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Chest radiograph scores are incorporated into the major clinical cystic fibrosis scores2"
and a number of pure radiograph scores have been specifically developed.5"8 Evaluation of the repeatability and reliability of these scores is often incomplete or inadequate, and comparison of chest radiograph scores with lung function tests has been limited. The respiratory complications of cystic fibrosis ensure that most patients will have many chest radiographs as part of their clinical assessment to determine the progression of bronchiectasis or of acute changes such as a pneumothorax. The broader role of routine chest radiograph scores and the value of including these scores in clinical scores for cystic fibrosis is less clear, as it is not known if radiograph scores provide extra information to lung function tests. The time and effort required to score routine chest radiographs, as well as the potentially harmful effects of multiple chest radiographs, can be justified in a life-limiting condition when there is proven benefit, but this is not the case so far in cystic fibrosis. Complete evaluation of chest radiograph scores is necessary so that the wider issue of the role of chest radiographs in disease evaluation can be fully considered.
We have studied the repeatability, reproducibility, and reliability ofthree chest radiograph scores and have correlated the three scores with lung function tests in an attempt to provide a complete evaluation of these scoring systems.
Methods
Sample selection was based on the stratification of patients with cystic fibrosis aged 7-18 years by sex and four year age groupings (7-10, 11-14, 15-18 years) , with 10 radiographs to be randomly selected from each ofthe six strata. Ultimately, the study consisted of 62 frontal chest radiographs, as two additional radiographs were included from the older age grouping. Radiographs of stable patients were selected; those at times of acute respiratory illness were not used in the analysis. Each radiograph had identifying information such as patient name and age covered.
The three observers (SMS, GB, MDC) were given a written description ofeach ofthe scoring systems and the details of each method were discussed and piloted on an additional 10 radiographs that were not part of the series. The study radiographs were scored independently by each observer using one score, with the process repeated for each scoring system. This process was repeated with a different order of presentation so that each radiograph was scored six times by each scorer. Observer 1 (MDC) is a senior paediatric radiologist, observer 2 (SMS) is a junior respiratory physician, and observer 3 (GB) is a senior respiratory physician.
The radiograph scoring methods used were (1) the Brasfield score, (2) the National Institute ofHealth (NIH) score, and (3) the Royal Children's Hospital (RCH) pulmonary score.
BRASFIELD SCORE
The Brasfield score6 has a total of 25 points that are reduced by increasing severity of radiological changes from each of five specific categories. It was specifically developed as a chest radiograph score for cystic fibrosis, is the best validated of the specific chest radiograph scores, and is commonly used instead of the chest radiograph score in the Shwachman clinical score.2
NATIONAL INSTITUTE OF HEALTH (NIH) SCORE
The NIH clinical score was specifically developed to give prognostic statements about individual patients. 4 The chest radiograph component is a linear severity scale of 1-13, with a higher score for increasing severity. General guidelines divide the 13 point scale into four severity categories, with up to four additional points to allow for an acute infiltrate so that up to 17 points can be subtracted for chest radiographic changes out of a total of 100 for the NIH clinical score. Although the NIH clinical score is widely used, it remains essentially unvalidated and the chest radiograph component has not been independently assessed.
ROYAL CHILDREN'S HOSPITAL (RCH) PULMONARY SCORE
The RCH pulmonary score is a simple linear severity scale. Two way analysis of variance was used on the 372 scores obtained for each scoring method (three observers x 62 subjects x two replicates) in order to estimate components of score variation. As measurements were replicated for each subject it was possible to test for interaction between subjects and observers. Interobserver and intraobserver variability were expressed as (i) repeatability (2-83 x standard deviation of measurement error) which gives the range within which 95% of differences between ratings performed on the same subject by the same observer should lie; (ii) reproducibility which gives the range within which 95% of differences between ratings performed by different observers on the same subject should lie (interobserver variability); and (iii) reliability or intraclass correlation which is an estimate of the correlation between two ratings on the same subject by different observers (also a measure of interobserver variability).
Correlations between chest radiograph scores and lung function tests were initially obtained using all raw score data (n = 366). To adjust for the fact that the measurement error in the radiographic scores causes these correlations to underestimate the true values that would be obtained in the absence of measurement error, two further correlations were obtained, the first correlating the mean radiograph score (six ratings) with lung function tests, and the second by dividing the raw correlation by a factor equal to one minus the ratio of the estimated measurement error variance to the total variance of the chest radiograph score.
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Results
The mean results of each observer for each score are summmarised in table 1. Intraobserver mean differences were highly significant (p<0001) for all tests, although the differences did not appear to be related to the experience of the observer, nor to the score design (simple versus complex, linear severity versus multiple categories of response) and were therefore consistent with the notion of observers varying randomly. Similarly, significant interaction effects between observer and subject occurred for each score, but the variance associated with these effects was relatively small and not readily interpretable, so they were ignored in the final analysis. Repeatability, reproducibility, and reliability were very similar for the Brasfield and NIH scores, both of which demonstrated greater precision than the RCH score (table 2) . However, the estimated repeatability of both Brasfield and NIH scores shows that repeated assessments by the same observer can be expected to differ by up to 20% of the maximum score -that is, 4-8 units in the Brasfield and 3-4 units in the NIH score.
The reproducibility values shown in table 2 reflect interobserver variability in addition to the intraobserver variance included in the repeatability values, and the results show that observer variance does not add substantially to the inherent (intraobserver) measurement error. This finding must be tempered by the fact that our estimates of interobserver variance are relatively imprecise, based only on three observers.
Estimated correlations between chest radiograph scores and lung function tests (table 3) show that the three scoring methods correlate to a similar degree, with slightly greater correlations with FEVI% than FVC% for all methods.
Discussion
The decline in respiratory function with time in cystic fibrosis has resulted in many attempts to develop precise methods for the classification of the severity of respiratory disease. Many chest radiographic scores have been developed to standardise the interpretation of chest radiographs in these patients, but none of the commonly used scores has had appropriate 12 and this study has used such techniques to critically evaluate three chest radiographic scores. We studied two radiographic scores that are incorporated in frequently used clinical scores for cystic fibrosis and showed that the greater detail required by using the Brasfield and NIH scores resulted in greater precision than the more straightforward Royal Children's Hospital score. The Brasfield score is currently recommended as the standard system for evaluation of patients with cystic fibrosis in the USA,'3 but different countries favour different scoring methods. Our results show that the radiograph component of the NIH score is as precise as the better evaluated Brasfield score, and has the additional benefit of being easier to rate than the Brasfield score.
The reliabilities or intraclass correlations (table 2) are reasonably good, although not excellent; a value of 0-6 has been suggested'4 as the minimum necessary for a useful scale. Again, these reflect the better performance of the Brasfield and NIH scores. In interpreting these coefficients it should be noted that they depend on the amount of intersubject variation in the population studied; the satisfactory values reflect, to a large extent, the wide range of subjects studied.'" Our detailed analysis has shown that considerable interobserver and intraobserver variation exists for all three scoring methods. Previous studies have relied solely on Pearson correlation coefficients for evaluating reliability, but high correlations between observers are not incompatible with substantial variability. For example, Pearson correlation coefficients between mean Brasfield scores by the three observers in this study ranged from 0-84 to 0-87, consistent with Brasfield,'6 but results of analysis of variance showed that intraobserver differences may range by as much as 4-8 of the 25 point score. Moreover, previous studies' 16 
